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Description 

[0001] The present invention relates to a color data converting method of converting color data so that whole color 
images when they are seen by apparatuses having different color reproducing ranges (color gamuts: hereinbelow, a 
5 color reproducing range is simply referred to as a "gamut") are not different and, more particularly, to a color data 
converting method of converting color data for image display of a wide gamut into color data for printing of a narrow 
gamut. 

[0002] Color image apparatuses such as personal computer, color printer, digital camera, and the like at present are 
widespread owing to the realization of high performance and low costs. Among them, in the color printer, it is important 

10 to print a color image displayed on a CRT display without changing an atmosphere of the whole image. In order to 
make the colors coincide among the different apparatuses, as a chrominance signal showing an absolute color that 
does not depend on the apparatus, there is a method of processing the chrominance signal by using an L*a*b* space, 
a CIEXYZ space, or the like of a luminance color difference separation system as a reference. For example, when an 
image using the color data of the L*a*b* space is outputted to a CRT display, if the color of the L*a*b* space is converted 

15 to the color data of an RGB space peculiar to the CRT display in accordance with characteristics of the CRT display 
and a color image is displayed, fundamentally, any CRT display can output the same color. When an image using the 
color data of the L*a*b* space is printed by a printer, if the color of the L*a*b* space is converted to the color of a CMY 
space peculiar to the printer in accordance with printer characteristics and a color image is printed, any printer can 
output the same color. Further, when the color data of the RGB space to be displayed on the CRT display is converted 

20 to the color data of the CMY space of the printer and a color image is printed, the RGB color data is converted into the 
L*a*b* color data and the L*a*b* color data is subsequently converted into the CMY color data, so that the same color 
image as that of a display image on the CRT display can be fundamentally printed by the printer. However, a gamut 
of the CRT display (hereinbelow, referred to as a display gamut) in the L*a*b* space is largely different from a gamut 
of the color printer (hereinbelow, referred to as a printer gamut) with respect to both of the width and shape. Many 

25 colors which can be displayed by the CRT display but cannot be printed by the color printer exist. Therefore, a color 
data converting method of converting the color of the CRT display which cannot be printed by the color printer into a 
color which can be printed is needed. 

[0003] As such a color data converting method, for example, a method disclosed in JP-A-60-105376 (U.S.P. Serial 
No. 4,675,704) has been known. Fig. 1 shows a display gamut 100 serving as an L*a*b* gamut corresponding to the 

30 RGB space of the general CRT display and a printer gamut 1 02 serving as an L*a*b* gamut corresponding to the CMY 
space of the general color printer at a vertical section of a certain hue angle value in the L*a*b* space. An (L*a*b*) 
value in the display gamut 100, namely, color data is shown by Oi and an (L*a*b*) value in the printer gamut 102, 
namely, color data is shown by Qi. In this case, i denotes an index of an integer indicative of an arbitrary space position. 
The printer gamut 102 in Fig. 1 is smaller than the display gamut 100 and, moreover, the positions of a white color Q1 

35 and a black color Q2 in the printer gamut 102 are different as compared with those of a white color 01 and a black 
color 02 in the display gamut 1 00. 

[0004] In the method of JP-A-60-1 05376, as shown in Fig. 2, as shown by arrows, saturation values of the color data 
01 to 09 which are contained in the display gamut 100 and are not contained in the printer gamut 102 are reduced to 
saturation values in the printer gamut 1 02 without changing hue angle values and lightness values L*, thereby obtaining 

40 the color data Q1 to Q9 contained in the printer gamut 1 02. In the conventional method, however, even when saturation 
values a*b* are maximally compressed, for example, from the color data 01 to Q1 or from 09 to Q9, the color data is 
not included in the printer gamut 102, so that there is a problem that when a color image is printed by the color printer, 
a color image of the CRT display cannot be reproduced at a high fidelity. As an algorithm to solve the problem, there 
is a method disclosed in J P-A-61 -288662 (U.S.P. Serial No. 4,758,885). In the conventional method, as shown in Fig. 

45 3, lightness values of the color data 01 to 05 included in the display gamut 1 00 are first compressed toward the center 
of the gamut as shown by arrows, thereby obtaining color data 011 to 015. The compression of the lightness results 
in that the shape of the display gamut 100 is deformed to a display gamut 104 surrounded by a broken line. Subse- 
quently, as shown in Fig. 4, saturation values of the color data 011 to 015 are decreased and moved to the printer 
gamut 1 02 as shown by arrows, thereby obtaining the color data Q1 to Q5. In the conventional method of Figs. 3 and 

50 4, the problem in the conventional method of Fig. 2 that a part of the color data on the CRT display cannot be reproduced 
by the color printer doesn't occur. 

[0005] The conventional color data converting methods, however, have the following problems. As for the problem 
in the conventional method of Fig. 2 that a part of the color data on the CRT display cannot be reproduced by the color 
printer, as shown in Fig. 5, after the color data Q1 and Q2 were obtained by compressing the saturation values of the 
55 color data 01 and 02, by changing the lightness values of the color data Q1 and Q2 toward the center of the printer 
gamut 1 02 as shown by arrows, color data Q1 1 and Q1 2 included in the printer gamut 1 02 can be obtained. According 
to the method, however, all of color data located in an area 1 06 which is included in the display gamut 1 00 and in which 
the lightness is higher than a highest lightness point in the printer gamut 102 and in an area 108 which is included in 
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the display gamut 100 and In which the lightness is lower than the highest lightness point in the printer gamut 102 in 
Fig. 6 are concentrated to one point of the color data Q11 or Q12 in the printer gamut 1 02 in Fig. 5, so that there is a 
problem that a gradation deterioration occurs. 

[0006] Problems of the conventional method in Figs. 3 and 4 will now be described. The printer gamut 102 funda- 
mentally has a u <° -character shape as shown in Fig. 1 . However, in a blue region of blue, violet, and purple, the printer 
gamut 102 has an "(."-character shape as shown by a boundary 110 in Fig. 7. The bottom side portion 110 of an U L B - 
character shape is inwardly curved. In a yellow region of the printer gamut, as shown in the printer gamut 102 in Fig. 
8, it has a reverse "^-character shape and an upper side portion 112 of the reverse n L a -character shape has a shape 
that is inwardly curved. When the compression is performed to the u L"-shaped and reverse H L"-shaped printer gamuts 
1 02 in Figs. 7 and 8 in the lightness direction so as to concentrate the color data to the center of the gamut in accordance 
with the conventional method in Figs. 3 and 4, as shown in Figs. 9 and 1 0, areas 1 1 4 and 1 1 6 out of the display gamut 
1 00 after completion of the compression occur in a part of the printer gamut 1 02. Since the colors included in the printer 
gamuts 114 and 116 out of the display gamut 100 are not used for printing, a printing of a better quality in which the 
performance of the printer is fully utilized cannot be obtained. This problem can be solved by changing a compression 
amount of the lightness value by the saturation value. Specifically speaking, when the compression of the lightness is 
performed so as to concentrate the color data in the display gamut 1 00 to the center of the gamut, as shown by lengths 
of arrows 11 8 in Fig. 11 , as the saturation value increases, a compression ratio of the lightness is decreased. As shown 
in Fig. 12, the display gamut 104 after the compression completely includes the printer gamut 102. When the method 
of changing the compression ratio of the lightness value by the saturation value is applied to the method in Figs. 3 and 
4, however, the following problem occurs. 

[0007] Fig. 1 3 is an enlarged diagram of low lightness portions of the display gamut 1 04 and printer gamut 1 02 when 
the lightness values are compressed by changing the compression ratio of the lightness value L* by the saturation 
value as shown in Fig. 11 . When the saturation values of the color data 011 to 01 7 included in the display gamut 104 
after the compression are compressed so as to be included in the printer gamut 102, the color data 011 to 013 is 
compressed to the color data Q1 to Q3 and the color data 01 4 to 016 is compressed to one color data Q4. Therefore, 
when the color data 011 to 016 distributed at regular intervals is again compressed in the saturation direction, large 
color differences occur among the color data 013 and the color data 01 4 and subsequent color data. When the color 
image is printed, the color differences cause discontinuity of the gradation, so that it results in a very large problem. 
Since the color data 01 4 to 016 has been compressed to the same color data Q4, there is a problem that the gradation 
deterioration occurs in this portion. 

[0008] In the conventional method of Figs. 3 and 4, there is also a problem in a compression function of the lightness. 
In the conventional method, in order to preserve the gradation in the lightness direction, a compression function of the 
following equation is used when the lightness is compressed. 
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lowest lightness value of the display gamut 
lowest lightness value of the printer gamut 
highest lightness value of the display gamut 
highest lightness value of the printer gamut 

lightness value of color data included in the display gamut before the compression 
lightness value of the color data after the compression 



[0009] In the compression function, as conditions of the display gamut 100 of the general CRT display and the printer 
gamut 102 of the general color printer, the relation between the lightness value (lightness value of the display gamut) 
L 1 of the color data before the conversion and the lightness value (lightness value of the printer gamut) L 2 of the color 
data after the conversion in the case where the compression of the lightness is performed by using 

L, = 0.0 
L 2 = 30.0 
L 3 = 100.0 
L 4 = 90.0 

is obtained, so that converting characteristics 120 of Fig. 14 are derived. From the converting characteristics 120 of 
Fig. 14, the gradation in the lightness direction can be preserved by the compression function of the equation (1). As 
compared with linear characteristics 122 in which there is no change in lightness value, however, as for the color of a 
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low lightness in the color data before the conversion, the lightness value in the color data after the conversion remark- 
ably rises and, as for the color of a high lightness, the lightness value decreases as a whole. Consequently, there is a 
problem that when a bright color image displayed by the CRT display is printed by the printer, it is darkened as a whole 
and, when a dark color image is printed by the printer, it is brightened as a whole. 

5 [0010] When the above problems are summarized, according to the conventional method of Fig. 2, all of the color 
data included in the display gamut cannot be converted into the color data included in the printer gamut and the color 
image of the CRT display cannot be reproduced at a high fidelity by the printer. When it is intended to solve the problem 
of the reproducibility, there is a problem that the gradation deterioration occurs. In the conventional method of Figs. 3 
and 4, there is a problem that the discontinuity of the gradation and the gradation deterioration occur in the blue and 

10 yellow systems. 

[0011] It is a consideration of the present invention, to provide a color data converting method whereby when color 
data is converted between gamuts which depend on apparatuses and have different sizes, a dropout of color, a fluc- 
tuation in lightness of a whole image, discontinuity of gradation, and deterioration in gradation are not caused and a 
display image and a print image when they are seen are not different. 

15 [0012] According to the invention, there is provided a color data converting method of forming second color data 
included in a second gamut of a second color image apparatus from first color data included in a first gamut of a first 
color image apparatus. Specifically speaking, there is provided a color data converting method of forming second color 
data included in a printer gamut (second gamut) in an L*a*b* space corresponding to a CMY space of a printing ap- 
paratus such as a color printer or the like from first color data included in a display gamut (first gamut) in the L*a*b* 

20 space corresponding to an RGB space of a color displaying apparatus such as a CRT display or the like. According 
to the invention, the data converting method has a virtual gamut obtaining step, a color data changing step, and a color 
data forming step. 

[0013] In the virtual gamut obtaining step, the value of one or more of a lightness value, a saturation value, and a 
hue angle value of the second gamut are converted and an expanded virtual gamut including all of lightness values of 

25 at least the first gamut is derived. In the color data changing step, the value of one or more of the lightness value, 
saturation value, and hue angle value of the color data which is not included in the virtual gamut among the color data 
of the first gamut are changed, thereby obtaining third color data included in the virtual gamut. In the color data forming 
step, a conversion opposite to the conversion performed to the second gamut in the virtual gamut obtaining step is 
performed to the third color data derived in the color data changing step, thereby forming second color data. According 

30 to the color data converting method of the invention, even when the second gamut is narrower than the first gamut, all 
of the color data of the first gamut serving as a converting source is converted to the color data of the second gamut 
on the conversion destination side through the color data of the virtual gamut, so that the color data which is not color 
converted from the first gamut to the second gamut can be eliminated. 

[0014] Specifically speaking, even when the printer gamut is narrower than the display gamut of the L*a*b* space, 

35 since all of the color data of the display gamut as a converting source is converted to the color data of the printer gamut 
on the conversion destination side through the color data of the virtual gamut, the color data which is not color converted 
from the display gamut to the printer gamut can be eliminated. In the virtual gamut obtaining step, the second gamut 
is converted so that the lowest lightness value of the first gamut is equal to that of the second gamut and the highest 
lightness value of the first gamut is equal to that of the second gamut, thereby deriving the virtual gamut. Due to the 

40 color conversion using the virtual gamut, the color data which cannot be color converted is eliminated and the white 
color in the first color image apparatus can be converted to the white color in the second color image apparatus. 
Particularly, in the case where the first color image apparatus is a CRT display and the second color image apparatus 
is a printer, when the white color of the CRT display is printed by the printer, a phenomenon such that ink, toner, or the 
like is deposited onto a paper and the paper is not seen in white can be prevented. In addition, since black in the first 

45 color image apparatus is converted to black in the second color image apparatus, the coincidence of black is also 
obtained in addition to the coincidence of white, gradation in achromatic color in the first color image apparatus can 
be reproduced by the second color image apparatus without any partial distortion. It is effective in reproduction of a 
color image having many achromatic colors, for example, hair in a color image or the like obtained by photographing 
a human being by a digital camera. 

50 [0015] In the virtual gamut obtaining step, the second gamut is expanded only in the direction of the lightness value, 
thereby deriving a virtual gamut. When the virtual gamut is derived by expanding and compressing the second gamut 
as mentioned above, the expansion is not performed in the saturation direction but it is performed only in the lightness 
direction. It is, thus, possible to prevent the reduction of the saturation of the color data in the second gamut formed 
through the virtual gamut in the color data forming step in the case where the first gamut is remarkably larger than the 

55 second gamut as in a case where, particularly, the first color image apparatus is a CRT display and the second color 
image apparatus is a color printer. 

[0016] In the virtual gamut obtaining step, in the second gamut in which the saturation gamut is equal to or less than 
an almost intermediate predetermined lightness value between the highest lightness value and the lowest lightness 
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value in the second gamut, the expansion is performed by increasing an expansion amount in an exponential function 
manner in accordance with a decrease in lightness, thereby obtaining the virtual gamut With this method, an increase 
in lightness that is caused when the color data in a low lightness portion of the first gamut before the conversion is 
converted to the color data of the second gamut through the virtual gamut is suppressed, a situation such that the 
s whole color image after the conversion becomes bright can be prevented and the gradation in the lightness direction 
can be preserved without deteriorating the gradation. 

[0017] In the virtual gamut obtaining step, in the second gamut of lightness which is equal to or larger than a prede- 
termined lightness value that is substantially an intermediate value between the highest lightness value and the lowest 
lightness value of the second gamut, the expansion is performed by increasing the expansion amount in an exponential 

10 function manner in accordance with the increase in lightness, thereby deriving a virtual gamut. With this method, the 
decrease in lightness when the color data of high lightness included in the first gamut before the conversion is converted 
to that in the second gamut through the virtual gamut is suppressed, it is possible to prevent that the whole color image 
becomes dark and the gradation in the lightness direction can be preserved without deteriorating the gradation. 
[0018] The virtual gamut obtaining step has a gamut expansion restricting step of reducing the absolute value of the 

15 expansion of the lightness value as the saturation value of the color data at a location where the expansion is performed 
in the second gamut is larger. In this manner, in the virtual gamut obtaining step, when the virtual gamut is derived, by 
restricting so as to reduce the absolute value for expanding the second gamut as the saturation value is larger in the 
second gamut, the virtual gamut with a "< n -character shape corresponding to the first gamut can be derived from the 
second gamut of an P L" -character shape in which the bottom surface is inwardly curved and the color data of the second 

20 gamut can be derived from the color data arranged at regular intervals in the first gamut through the virtual gamut 
without causing discontinuity of the gradation and deterioration of the gradation. 

[0019] In the gamut expansion restricting step, the absolute value of the expansion of the lightness value is reduced 
in accordance with a function proportional to the saturation value. When the virtual gamut is derived in the virtual gamut 
obtaining step in this manner, by restricting in a manner such that as the saturation value is larger, the absolute value 

25 to expand the second gamut is reduced by a function proportional to the saturation value within the second gamut, the 
virtual gamut having the "<°-character shape corresponding to the first gamut can be derived from the second gamut 
having an "L" -character shape in which the bottom surface is curved inwardly. After the color data arranged at regular 
intervals in the first gamut was changed to the color data of the virtual gamut, by converting the resultant data into the 
color data in the second gamut by using a function opposite to the function used to derive the virtual gamut, the problem 

30 that the discontinuity of gradation and the deterioration of gradation occur is also eliminated. 

[0020] In the gamut expansion restricting step, an absolute value of the expansion of the lightness value is decreased 
in an exponential function manner in accordance with the increase in saturation value. In this manner, when the virtual 
gamut is derived in the virtual gamut obtaining step, by restricting so as to decrease the absolute value of the expansion 
of the lightness value in an exponential function manner in accordance with the increase in saturation value within the 

35 second gamut, the virtual gamut having a u <"-character shape corresponding to the first gamut can be derived from 
the second gamut having an "L" -character shape in which the bottom surface is curved inwardly. After the color data 
arranged at regular intervals in a "<"-character shape in the first gamut was changed to the gamut in the virtual gamut, 
by converting the resultant data into the color data in the second gamut by using a function opposite to the exponential 
function used to derive the virtual gamut, the problem that the discontinuity of gradation and the deterioration of gra- 

40 dation occur is eliminated and the saturation value can be further preserved. 

[0021] As a specific example, the first gamut is a display gamut of the RGB color space which is used in the color 
displaying apparatus in the L*a*b* color space. The second gamut is a printer gamut corresponding to the CMY color 
space which is used in the color printing apparatus in the L*a*b* color space. The virtual gamut is a gamut expanded 
so as to contain at least all of the lightness values of the display gamut by converting one or more of the lightness 

45 value, saturation value, and hue angle value of the printer gamut. When the color data of the RGB space to be displayed 
on the CRT display is converted to color data of the CMY space of the printer, the color data converting method of the 
invention is as follows. 

[0022] First, in the virtual gamut obtaining step, an RGB/display gamut conversion table, a printer gamut/CMY con- 
version table, and a virtual gamut/CMY conversion table are formed. The RGB/display gamut conversion table is a 

50 conversion table for converting the color data of the RGB space into color data of the display gamut in the L*a*b* color 
space. The printer gamut/CMY conversion table is a conversion table for converting color data of the printer gamut in 
the L*a*b* color space into color data of the CMY space. Further, the virtual gamut/CMY conversion table is a conversion 
table for deriving the expanded virtual gamut so as to contain at least all of the lightness values of the display gamut 
by converting one or more of the lightness value, saturation value, hue angle value of the printer gamut, converting 

55 the color data of the virtual gamut into color data of the CMY space, and converting color data out of the virtual gamut 
into specific identification values out of the gamut. In the next color data changing step, after the color data of the RGB 
space was converted to color data of the display gamut in the L*a*b* color space by the RGB/display gamut conversion 
table, one or more of the lightness value, saturation value, and hue angle value of the color data which is not included 
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in the virtual gamut in the color data of the display gamut are changed until they are not converted into the identification 
values out of the gamut by the virtual gamut/CMY conversion table, thereby deriving third color data included in the 
virtual gamut. Finally, in the color data forming step, a conversion opposite to the conversion performed to the printer 
gamut in the virtual gamut obtaining step is executed to the third color data derived in the color data changing step, 
thereby forming second color data. The second color data is converted to color data of the CMY space by the printer 
gamut/CMY conversion table and the converted data is outputted to the color printing apparatus. Therefore, all of the 
color data contained in the display gamut can be converted to color data contained in the printer gamut When the 
white color of the CRT display is printed by the printer, a situation such that ink, toner, or the like is deposited onto the 
paper and the paper is not seen as white can be prevented. The achromatic color gradation on the CRT display can 
be reproduced by the printer without a deterioration of a part thereof. When a color image of the CRT display is repro- 
duced by the printer, it is possible to guarantee the prevention of reduction of the saturation, the prevention of the 
change in lightness of the whole image, the prevention of deterioration of the gradation in the lightness direction, and 
the preservation of the saturation. 

[0023] A detailed description will now be given by way of example with reference to the accompanying drawings, in 
which: 



Fig. 1 is an explanatory diagram of general display gamut and printer gamut in an L*a*b* space; 

Fig. 2 is an explanatory diagram of a conventional method of decreasing a saturation value of color data in a display 

gamut and converting it into a printer gamut; 

Fig. 3 is an explanatory diagram of another conventional method of matching a lightness value of a display gamut 
to a printer gamut; 

Fig. 4 is an explanatory diagram of a conventional method of decreasing a saturation value of color data in a display 
gamut and converting it into a printer gamut continues to Fig. 3; 

Fig. 5 is an explanatory diagram of a converting method which can solve a problem of the conventional method 
of Fig. 2; 

Fig. 6 is an explanatory diagram of a gradation deterioration area which occurs in the case where the conversion 
in Fig. 5 is performed; 

Fig. 7 is an explanatory diagram of blue, violet, and purple printer gamuts which cause a problem in the conventional 
methods of Figs. 3 and 4; 

Fig. 8 is an explanatory diagram of an yellow printer gamut which causes a problem in the conventional methods 
of Figs. 3 and 4; 

Fig. 9 is an explanatory diagram of an unused area in the case where color data is changed from the display gamut 
in Fig. 3 to the printer gamut in Fig. 7; 

Fig. 10 is an explanatory diagram of an unused area in the case where color data is converted from the display 
gamut in Fig. 3 to the printer gamut in Fig. 8; 

Fig. 11 is an explanatory diagram of a changing method of another display gamut to solve a problem in Fig. 9; 
Fig. 12 is an explanatory diagram of the display gamut changed by the method in Fig. 11 ; 

Fig. 13 is an explanatory diagram of a large color difference and gradation deterioration which occur in the case 
where the display gamut in Fig. 12 is converted into the printer gamut; 

Fig. 14 is an explanatory diagram of a lightness fluctuation which occurs due to the use of lightness compression 
functions in the conventional methods of Figs. 3 and 4; 

Fig. 1 5 is an explanatory diagram of a computer apparatus to which a converting method of the invention is applied; 
Fig. 16 is afunctional block diagram of an apparatus construction to realize the converting method of the invention; 
Fig. 17 is a flowchart for the whole converting method of the invention; 

Fig. 1 8 is an explanatory diagram of a virtual gamut obtaining step of obtaining a virtual gamut from a printer gamut 
in the first embodiment of the invention; 

Fig. 19 is an explanatory diagram of the virtual gamut converted from the printer gamut in Fig. 18; 

Fig. 20 is an explanatory diagram of a color data changing step of inversely converting color data from the virtual 

gamut to the printer gamut which is performed subsequently to Fig. 19; 

Fig. 21 is an explanatory diagram of a color data converting step which is performed subsequently to Fig. 20; 
Fig. 22 is a flowchart for a color conversion preparing process in Fig. 1 7; 

Figs. 23A to 23C are explanatory diagrams of RGB/display gamut conversion tables which are formed by the color 
conversion preparing process in Fig. 17; 

Figs. 24A to 24C are explanatory diagrams of printer gamut/CMY conversion tables which are formed by the color 
conversion preparing process in Fig. 1 7; 

Fig. 25 is a flowchart for a color converting process including a color data changing step and a color data converting 
step in Fig. 17; 

Fig. 26 is an explanatory diagram of a converting function of color data from a display gamut to a virtual gamut in 
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the first embodiment of the invention in the apparatus construction in Fig. 16; 

Fig. 27 is an explanatory diagram of a virtual gamut obtaining step in the second embodiment of the invention; 

Fig. 28 is an explanatory diagram of a virtual gamut obtained from a printer gamut in Fig. 27; 

Fig. 29 is an explanatory diagram of a virtual gamut obtaining step in the third embodiment of the invention; 

5 Fig. 30 is an explanatory diagram of a virtual gamut obtained from a printer gamut in Fig. 29; 

Fig. 31 is an explanatory diagram of a virtual gamut obtaining step in the fourth embodiment of the invention; 
Fig. 32 is an explanatory diagram of a virtual gamut obtained from a printer gamut in Fig. 31 ; 
Fig. 33 is a characteristics diagram showing the relation of a lightness value by the conversion in the fourth em- 
bodiment of the invention in comparison with the conventional method; 

10 Fig. 34 is an explanatory diagram of a virtual gamut obtaining step in the fifth embodiment of the invention; 

Fig. 35 is an explanatory diagram of a virtual gamut obtained from a printer gamut in Fig. 34; 
Fig. 36 is a characteristics diagram showing the relation of a lightness value by the conversion in the fifth embod- 
iment of the invention in comparison with the conventional method; 

Fig. 37 is an explanatory diagram of a virtual gamut obtaining step in the sixth embodiment of the invention; 
is Fig. 38 is an explanatory diagram of a virtual gamut obtained from a printer gamut in Fig. 37; 

Fig. 39 is an explanatory diagram of a color data changing step subsequent to Fig. 38; 
Fig. 40 is an explanatory diagram of a color data forming step subsequent to Fig. 39; 

Fig. 41 is an explanatory diagram of a virtual gamut obtaining step in the seventh embodiment of the invention; 
Fig. 42 is an explanatory diagram of a virtual gamut obtained from a printer gamut in Fig. 41 ; 
20 Fig. 43 is an explanatory diagram of a color data changing step subsequent to Fig. 42; 

Fig. 44 is an explanatory diagram of a color data forming step subsequent to Fig. 43; 

Fig. 45 is an explanatory diagram of a virtual gamut obtaining step in the eighth embodiment of the invention; 
Fig. 46 is an explanatory diagram of a virtual gamut obtained from a printer gamut in Fig. 45; 
Fig. 47 is an explanatory diagram of a color data changing step subsequent to Fig. 46; 
25 Fig. 48 is an explanatory diagram of a color data forming step subsequent to Fig. 47; and 

Fig. 49 is an explanatory diagram of the ninth embodiment of the invention accompanied with a change in hue angle. 

[0024] Fig. 15 shows an example of an apparatus construction to which a color data converting method of the in- 
vention is applied and shows an example of a general personal computer and its peripheral equipment. An application 

30 program to realize a color data converting method of the invention has been installed in a persona! computer 10. An 
image displaying apparatus 12 such as a CRT display or the like and an image printing apparatus 14 such as a color 
printer or the like are connected to the personal computer 10. The image displaying apparatus 12 displays an image 
by color data of the RGB colorimetric system. The image printing apparatus 14 prints a color image by color data of 
the CMY colorimetric system. Therefore, color image data in which each pixel is constructed by RGB color data to 

35 display a color image onto the image displaying apparatus 1 2 and color image data in which each pixel is constructed 
by CMY color data to print a color image by the image printing apparatus 1 4 have been stored in the personal computer 
10 by a storing device such as a hard disk drive or the like. The personal computer 10 sends color data serving as 
RGB values of each pixel of the RGB color image data as a driving signal to the image displaying apparatus 1 2, thereby 
allowing a color image to be displayed. The personal computer 10 also sends color data serving as CMY values of 

40 each pixel of the CMY color image data to the image printing apparatus 1 4 as a printer control signal, thereby allowing 
a color image to be printed. 

[0025] Fig. 1 6 is a functional block diagram of an apparatus construction to which a color data converting method of 
the invention is applied. An apparatus to realize the color data converting method of the invention can be mainly divided 
into a color conversion preparation processing unit 16 and a color converting apparatus 18. The color converting ap- 

45 paratus 1 8 can be realized by, for example, the personal computer 1 0 in Fig. 1 5 and has a color conversion processing 
unit 20, a control memory 22, and an image memory 24. The color conversion processing unit 20 converts RGB image 
data to display a color image onto the image displaying apparatus 12 in Fig. 15 into. CMY image data of the image 
printing apparatus 14 via the L*a*b* space. The color data converting method of the invention is used as a color data 
converting process for converting from the RGB image data to the CMY image data. For the color data conversion by 

50 the color conversion processing unit 20, an RGB/Lab conversion table 26, an Lab/CMY conversion table 28, and further, 
a virtual gamut discriminating Lab/CMY conversion table 30 that is peculiar to the converting method of the invention 
are stored in the control memory 22. Each of the RGB/Lab conversion table 26, Lab/CMY conversion table 28, and 
Lab/CMY conversion table 30 for discriminating the virtual gamut is formed via a process of a preparing step by the 
color conversion preparation processing unit 1 6 and stored into the control memory 22 of the color converting apparatus 

55 18. The RGB/Lab conversion table 26 converts the color data of the RGB space to display a color image onto the 
image displaying apparatus 12 in Fig. 15 into the color data of the L*a*b* color space which does not depend on the 
equipment. The Lab/CMY conversion table 28 converts the color data of the L*a*b* color space into the color data of 
the CMY space to print a color image by the image printing apparatus 14 in Fig. 15. Further, the Lab/CMY conversion 
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table 30 for discriminating the virtual gamut is used for conversion of the color data in the L*a*b* color space in the 
invention and will be explained in detail later. The image memory 24 has an RGB data storing unit 32, a display gamut 
data storing unit 34, a printer gamut data storing unit 35, a virtual gamut data storing unit 36, and a CMY data storing 
unit 38. Color image data in which the color data of the RGB space to display a color image onto the image displaying 

5 apparatus 12 in Fig. 15 is used as a pixel has been stored in the RGB data storing unit 32. Color image data in which 
the color data of the CMY space to print a color image by the image printing apparatus 14 in Fig. 1 5 is used as a pixel 
has been stored in the CMY data storing unit 38. The display gamut data storing unit 34, printer gamut data storing 
unit 35, and virtual gamut data storing unit 36 store color data having (L*a*b*) values before conversion, during con- 
version, and after conversion in the color conversion of the L*a*b* space to which the color data converting method of 

10 the invention is applied. 

[0026] Fig. 17 is a flowchart for a fundamental processing procedure of the color data converting method of the 
invention. The color data converting method of the invention has a virtual gamut obtaining step of step S1 , a color data 
changing step of step S2, and a color data forming step of step S3. Among them, the virtual gamut obtaining step of 
step S1 is a preparing step and the next color data changing step and the color data forming step of steps S2 and S3 

15 are a color converting step. When considering the correspondence to the functional block of the apparatus construction 
in Fig. 1 6, the preparing step as a virtual gamut obtaining step of step S1 is performed in the color conversion preparation 
processing unit 1 6. The color converting step including the next color data changing step and the color data forming 
step of steps S2 and S3 is performed in the color converting apparatus 18. 

[0027] Fig. 1 8 shows the first embodiment as a foundation of the color data converting method of the invention and 

20 is a cross sectional view at a certain hue angle of the L*a*b* color space. A display gamut 40 and a printer gamut 42 
are shown in Fig. 18. The display gamut 40 is an area of the L*a*b* color space corresponding to the RGB color space 
of the color data that is used in the image displaying apparatus 12 in Fig. 15. Specifically speaking, the display gamut 
40 is an area where the Lab color data converted from the RGB color data by the RGB/display gamut conversion table 
26 in Fig. 1 6 exists. The printer gamut 42 is likewise an area of the L*a*b* color space corresponding to the color data 

25 of the CMY color space that is used to print a color image by the image printing apparatus 14 in Fig. 15. Specifically 
speaking, the printer gamut 42 is an area where the Lab color data corresponding to the CMY color data of the printer 
gamut/CMY conversion table 28 in Fig. 16 exists. In the display gamut 40, the highest lightness value (LJmax is 
generally equal to about 100 and the lowest lightness value (L s )min is usually equal to about 1 to 10. In this example, 
a value near 10 is used. The highest lightness value (L D )max of the printer gamut 42 is equal to about 90 and the 

30 lowest lightness value (L D )min is usually equal to about 30. As for a saturation value shown on an axis of abscissa, 
although the highest value of the display gamut 40 is equal to, for instance, 125, the highest value of the printer gamut 
42 is equal to a value of about 50, which is equal to or less than the half of such a highest value. 
[0028] In the color data converting method of the invention, in the virtual gamut obtaining step shown in step S1 in 
Fig. 17, as shown by arrows 50 in Fig. 18, a virtual gamut 44 shown in Fig. 19 is derived by expanding and compressing 

35 the printer gamut 42 by a predetermined function. When the virtual gamut 44 is derived from the printer gamut 42, the 
virtual gamut 44 is obtained by the conversion using a predetermined function so that the highest lightness value (L s ) 
max and the lowest lightness value (L s )min of the display gamut 40 are included between the highest lightness value 
(L v )max and the lowest lightness value (L v )min of the virtual gamut 44. 

[0029] In the color data changing step of step S2 in Fig. 1 7, as shown in Fig. 20, color data P2 to P5 included in the 

40 virtual gamut 44 is derived by changing any one or more of the lightness value L*, saturation value, and hue angle 
value for the color data 02 to 05 positioning out of the virtual gamut 44 among the color data 01 to 06 included in the 
display gamut 40. In this case, by decreasing only the saturation value, the color data 02 to 05 of the display gamut 
40 is changed to the color data P2 to P5 included in the virtual gamut 44. As for the color data of the display gamut 40 
which has already been included in the virtual gamut 44 before change, it can be also used as it is as color data of the 

45 virtual gamut 44 without changing the values of the lightness value, saturation value, and hue angle value or it can be 
also changed to the color data of the virtual gamut 44 by changing one or more of the lightness value, saturation value, 
and hue angle value under a restriction such that it is not located out of the virtual gamut 44. In case of Fig. 20, with 
respect to the color data of the display gamut 40 which has already been included in the virtual gamut 44, it is set as 
it is to the color data of the virtual gamut 44 without changing the values. 

50 [0030] The processing routine advances to the color data forming step of step S3 in Fig. 1 7. In the color data forming 
step, as shown in Fig. 21 , to the color data P1 to P6 changed to the virtual gamut 44, an inverse conversion shown by 
arrows 52 is performed by using an inverse function of a predetermined function used to derive the virtual gamut 44 
from the printer gamut 42 in Figs. 1 8 and 19, thereby obtaining the color data Q1 to Q6 included in the printer gamut 
42. According to the first embodiment of the color data converting method of the invention shown in Figs. 1 8 to 21 , ail 

55 of the color data in the display gamut 40 is converted into the color data in the printer gamut 42 narrower than the 
display gamut 40 through the color data of the virtual gamut 44. When the color data is converted from the display 
gamut 40 to the printer gamut 44, the color data which cannot be color converted is eliminated. 
[0031] Fig. 22 is a flowchart of a specific example of the color conversion preparing process as a virtual gamut 
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obtaining step of step S1 in Fig. 17. First in processes of steps S1 and S2, the RGB/Lab conversion table 26 stored 
in the control memory 22 in Fig. 16 is formed. In step S1, the (L*a*b*) values of the display gamut 40 for the RGB 
values to display the color image in the image displaying apparatus 12 in Fig. 1 5 are measured. Specifically speaking, 
a driving signal corresponding to a plurality of RGB values is sent to the image displaying apparatus 12, the color 

5 displayed on the image displaying apparatus 1 2 is measured by a measuring instrument, and (L*a*b*) values, CIEXYZ 
values, or the like are measured. When the CIEXYZ values are measured, they are converted into the (L*a*b*) values 
by a calculating equation. In this case, although it is ideal to measure all of measurement values which the values of 
the RGB color data can have as for the color data to be measured, the total number of RGB values having values of 
0 to 255 is equal to 256 3 = 16.777 million colors and it is practically impossible to measure all of them. Therefore, 

10 actually, by displaying each of the RGB values every 33rd value, about 9 s = 729 colors are displayed and the values 
are measured. In this case, upon color conversion, it is necessary to perform an interpolating calculation to obtain the 
(L*a*b*) values corresponding to the RGB values which are not measured. In step S2, the RGB values used for the 
measurement are used as arguments and the RGB/display gamut conversion table 26 to convert into the (L*a*b*) 
values of the display gamut 40 obtained as a measurement result is formed. The RGB/display gamut conversion table 

15 26 is actually constructed by: an L* value obtaining table 26-1 , an a* value obtaining table 26-2, and a b* value obtaining 
table 26-3 in which an L* value, an a* value, and a b* value have been stored at coordinates positions (lattice points) 
in a 3-dimensional space using the respective RGB values as arguments as shown in Figs. 23A to 23C, respectively. 
In steps S3 and S4, the printer gamut/CMY conversion table 28 to be stored in the control memory 22 in Fig. 16 is 
formed. First in step S3, the (L*a*b*) values of the printer gamut corresponding to the CMY values which are used to 

20 print a color image by the image printing apparatus 14 in Fig. 15 are measured. Specifically speaking, a printer control 
signal corresponding to a plurality of CMY values is sent to the image printing apparatus 14, the color printed by the 
image printing apparatus 14 is measured by the measuring instrument, and the (L*a*b*) values are obtained. In this 
case as well, although it is ideal to measure all of the CMY values of the possible number of measurement colors, the 
number of values to be measured is equal to 256 3 = 16.777 million colors and it is practically impossible to measure 

25 all of them. Therefore, with respect to each of the CMY values, about 9 3 = 729 colors are actually measured every 
33rd color. In step S4, the printer gamut/CMY conversion table 28 to convert from the (L*a*b*) values of the printer 
gamut to the CMY values is formed. As shown in Figs. 24A to 24C, the printer gamut/CMY conversion table 28 is 
constructed by three tables of a C value obtaining table 28-1 , an M value obtaining table 28-2, and a Y value obtaining 
table 28-3 having a 3-dimensional arrangement in which the CMY values have been stored at the 3-dimensional co- 

30 ordinate positions (lattice points) by using the L*a*b* values as arguments. 

[0032] Although the RGB/display gamut conversion table 26 is a table for converting the RGB color data which 
depends on the image displaying apparatus into the L*a*b* color data which does not depend on the equipment, the 
printer gamut/CMY conversion table 28 is a table for converting the color data of the (L*a*b*) values which does not 
depend on the equipment into the CMY color data which depends on the image printing apparatus. In case of obtaining 

35 the CMY color data by the printer gamut/CMY conversion table 28 and an interpolating calculation in the color converting 
step of steps S2 and S3 in Fig. 17, the coordinate values of L*a*b* need to be arranged at regular lattice intervals. 
However, the values of L*a*b* of the printer gamut corresponding to the CMY values measured in step S3 are not 
arranged at regular lattice intervals like the values of C, M, and Y Therefore, a calculation to obtain the CMY values 
for the (L*a*b*) values arranged in a lattice form is necessary. This calculation is disclosed in, for example, JP-A- 

40 7-0954315 (U .S. P. No. 5,625,378). In the printer gamut/CMY conversion table 28, only the CMY values for the (L*a*b*) 
values existing in the printer gamut 42 in Fig. 18 are valid and the CMY values corresponding to the (L*a*b*) values 
out of the printer gamut 42 are not obtained. In this case, in the printer gamut/CMY conversion table 28, the CMY 
values of (-10000, -10000, -10000) are stored at the storing position of the (L*a*b*) values existing out of the printer 
gamut 42 as out-of-area identification values showing that they exist in the outside of the printer gamut 42. Thus, in 

45 the printer gamut/CMY conversion table 28, all of the correspon ding CMY values with regard to the color data of (L*a*b*) 
existing in the printer gamut 42 have the values of 0 to 255 and the values can be normally converted from the (L*a*b*) 
values to the CMY values. On the other hand, when the (L*a*b*) values exist in the outside of the printer gamut 42, 
any one of the CMY values has a value out of the range of 0 to 255. Therefore, they can be used to discriminate whether 
certain (L*a*b*) values exist in or out of the printer gamut 42. 

so [0033] In steps S5 and S6 in Fig. 22, the virtual gamut/CMY conversion table 30 which is stored in the control memory 
22 in Fig. 1 6 is formed. That is, in step S5, the measurement values of the (L*a*b*) values of the printer gamut formed 
in step S4 are converted into the (L*a*b*) values expanded to the virtual gamut 44 in accordance with a gamut expanding 
function which is used to obtain the virtual gamut 44 from the printer gamut 42 in Figs. 1 8 and 1 9. Specifically speaking, 
the measured (L*a*b*) values for certain CMY values are converted into the (L*a*b*) values of the virtual gamut 44 by 

55 a color conversion expanding function. In step S6, the (L*a*b*) values of the virtual gamut 44 converted in step S5 are 
used as arguments and the virtual gamut/CMY conversion table 30 to convert into CMY values similar to those in case 
of Figs. 24A to 24C is formed. In the virtual gamut /CMY conversion table 30 as well, although the CMY values are 
arranged in a lattice shape in a manner similar to the printer gamut/CMY conversion table 28 formed in step S4, the 
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(L*a*b*) values converted to the virtual gamut are not arranged in a lattice shape. Therefore, in case of obtaining the 
CMY values by the virtual gamut/CMY conversion table 30 and an interpolating calculation, a calculation to obtain the 
CMY values for the (L*a*b*) values arranged in a lattice shape is performed by the calculation disclosed in JP-A- 
7-095431 (U.S. P. No. 5,625,378). In the virtual gamut/CMY conversion table 30, as CMY values corresponding to the 

5 (L*a*b*) values out of the virtual gamut 44 in Fig. 19, for example, the CMY values of (-10000, -10000, -10000) are 
stored as out-of-area identification values other than 0 to 255 as valid CMY values in a manner similar to the printer 
gamut/CMY conversion table 28 formed in step S4. Thus, when the color data having certain (L*a*b*) values exists 
out of the virtual gamut 44, any one of the CMY values has a value out of the range of 0 to 255. These values can be 
used to discriminate whether certain (L*a*b*) values exist in or out of the virtual gamut 44. 

10 [0034] Fig. 25 is a flowchart showing a specific example of the color converting step of steps S2 and S3 in Fig. 17. 
If the RGB/display gamut conversion table 26, the printer gamut/CMY conversion table 28, and the virtual gamut/CMY 
conversion table 30 could be stored in the control memory 22 of the color converting apparatus 18 in Fig. 16 in the 
color conversion preparing step in Fig. 22, the color data changing process in steps S1 and S2 in Fig. 25 and the color 
data forming process in steps S3 and S4 are performed. First, in the color data changing process, the RGB color data 

15 expressed by the RGB colorimetric system is converted into the color data as (L*a*b*) values of the display gamut 
which is expressed by the L*a*b* colorimetric system by using the RGB/display gamut conversion table 26 in step S1 . 
Specifically speaking, the color conversion processing unit 20 of the color converting apparatus 18 in Fig. 16 extracts 
the RGB color data on a pixel unit basis from the RGB image data prepared in the RGB data storing unit 32 in the 
image memory 24, reads out the (L*a*b*) values of the corresponding printer gamut from the RGB/display gamut 

20 conversion table 26 in the control memory 22, and stores them into the display gamut data storing unit 34. In step S2, 
for example, the saturation value is reduced so that the hue angle is made constant while using the virtual gamut/CMY 
conversion table for the discrimination of the virtual gamut in a manner such that the (L*a*b*) values of the display 
gamut 40 are included in the virtual gamut 44, and the (L*a*b*) values included in the virtual gamut 42 are obtained. 
Specifically speaking, the (L*a*b*) values of the display gamut as a conversion target are used as arguments and the 

25 corresponding CMY values are obtained from the virtual gamut/CMY conversion tabte 30. If all of the CMY values lie 
within a range of 0 to 255, they are used as (L*a*b*) values of the virtual gamut as they are. On the other hand, if any 
one of the CMY values obtained from the table is a value out of the range of 0 to 255 , the virtual gam ut/CM Y conversion 
table 30 is referred while decreasing the saturation values of the (L*a*b*) values of the display gamut by a predetermined 
value at a time, and the reduction of the saturation values is repeated until all of the CMY values lie within the range 

30 of o to 255. When all of the CMY values lie within the range of 0 to 255, the (L*a*b*) values are derived as values of 
the virtual gamut. Each of the color data of the (L*a*b*) values converted into the virtual gamut as mentioned above 
is stored into the virtual gamut data storing unit 36 provided in the image memory 24 in Fig. 1 6. 
[0035] In steps S3 and S4 in Fig. 25, a color data forming process to print a color image by the image printing 
apparatus is performed. First in step S3 in Fig. 25, with respect to the color data changed from the display gamut 40 

35 to the virtual gamut 44, the (L*a*b*) values of the printer gamut 42 are obtained by an inverse function of the gamut 
converting function in case of obtaining the virtual gamut 44 from the printer gamut 42. When the color data can be 
converted from the virtual gamut 44 to the (L*a*b*) values of the printer gamut 42 in step S3 as mentioned above, the 
(L*a*b*) values of the printer gamut are finally converted into the CMY values by using the printer gamut/CMY conver- 
sion table 28 in step S4. With respect to the color data generation in steps S3 and S4, in Fig. 1 6, the color converting 

40 apparatus 18 stores the color data of the (L*a*b*) values of the printer gamut converted in step S3 into the printer 
gamut data storing unit 35. In step S4, subsequently, the converted color data of the CMY values is stored into the 
CMY data storing unit 38. Finally, the converted color data in the CMY data storing unit 38 is outputted as a printer 
control signal to the image printing apparatus 14 and a color image is printed. Thus, a color print image which can be 
seen in substantially the same manner as the color display image based on the RGB color data stored in the RGB 

45 data storing unit 32 can be obtained. In step S2 in Fig. 25, although the saturation value compression is performed 
with respect to the change from the display gamut 40 to the virtual gamut 44, it will be obviously understood that the 
lightness value or hue angle value except for the saturation value can be also changed. 

[0036] Fig. 26 is a block diagram of a processing function in the colorconverting apparatus 1 8 in Fig. 1 6 corresponding 
to the color converting process in Fig. 25. In Fig. 26, the color data of the RGB values stored in the RGB data storing 

so unit 32 is converted into the (L*a*b*) values of the L*a*b* color space by the RGB/display gamut conversion table 26 
and stored into the display gamut data storing unit 34. Subsequently, the saturation values are compressed by a sat- 
uration compression processing unit 46 while discriminating whether the (L*a*b*) values exist in or out of the virtual 
gamut by using the virtual gamut/CMY conversion table 30, the color data is changed from the printer gamut to the 
virtual gamut, and the changed (L*a*b*) values are stored into the virtual gamut data storing unit 36. Subsequently, 

55 the color data of the virtual gamut 44 is converted into the color data of the printer gamut 42 by an inverse conversion 
processing unit 48 by using the inverse function of the gamut expanding function used to obtain the virtual gamut 44 
from the printer gamut 42. The converted color data is stored into the printer gamut data storing unit 35. Finally, the 
(L*a*b*) values of the printer gamut 42 are converted into the CMY values by the printer gamut/CMY conversion table 
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28 and stored into the CMY data storing unit 38. 

[0037] Fig. 27 is a cross sectional view of an equal hue angle of the L*a*b* color space for explaining the second 
embodiment of a color data converting method of the invention. The second embodiment is characterized by expanding 
in a manner such that when the printer gamut 42 is expanded as shown by the arrows 52 in the virtual gamut obtaining 
5 step, the highest lightness value (L^max of the printer gamut 42 is made coincident with the highest lightness value 
(LJrnax of the display gamut 40 and the lowest lightness value (L D )min of the printer gamut 42 is made coincident with 
the lowest lightness value (LJmin of the display gamut 40. 

[0038] Fig. 28 shows the virtual gamut 44 expanded from the printer gamut 42 according to Fig. 27. The color data 
Q1 and Q2 of the highest lightness value and lowest lightness value of the display gamut 40 coincide with the color 

10 data P1 and P2 of the highest lightness value and lowest lightness value of the virtual gamut 44, respectively. As for 
the color converting process in the case where the virtual gamut 44 is obtained so as to coincide with the highest 
lightness value and lowest lightness value of the display gamut 40 as mentioned above, in a manner similar to the 
case of the first embodiment of Figs. 20 and 21 , the color data of the display gamut 40 locating out of the virtual gamut 
44 is changed to the virtual gamut 44 by reducing the saturation value. After that, it is sufficient to change the color 

is data of the virtual gamut to the color data of the printer gamut 42 by the inverse function of the gamut expanding 
function in case of obtaining the virtual gamut 44 as shown in Fig. 21 . By the conversion to the color data from the 
display gamut 40 to the printer gamut 42 by using the virtual gamut 44 of the highest lightness value and lowest lightness 
value which coincide with those in the display gamut 40 as mentioned above, not only there is an effect that the color 
data which cannot be color converted is eliminated but also the white color corresponding to the highest lightness value 

20 of the display gamut 40 can be converted to the white color of the printer gamut 42 having the same lightness value. 
That is, when the white color displayed by the image displaying apparatus 12 such as a CMY display or the like is 
printed by the image printing apparatus 14, a situation such that ink or toner is adhered onto the paper and the paper 
is not seen in white can be prevented. In addition, since the black color corresponding to the lowest lightness value of 
the display gamut 40 coincides with the black color corresponding to the same lightness value of the printer gamut 42, 

25 the color image can be reproduced by the image printing apparatus without substantially deteriorating the gradation 
of the achromatic color in the image displaying apparatus owing to both of the coincidence of the white color and the 
coincidence of the black color described above. By establishing the reproducibility regarding the achromatic color, in 
a color image or the like obtained by photographing an object having a large amount of achromatic color such as a 
person having many hairs by a digital camera, a display image by the display and a print image by the printer can be 

30 reproduced so that they can be almost similarly seen. 

[0039] Fig. 29 is a cross sectional view of an equal hue angle of the L*a*b* color space for explaining the third 
embodiment of a color data converting method according to the invention. With respect to the display gamut 40 and 
printer gamut 42 in Fig. 29, the color data converting method of the invention is characterized in that the virtual gamut 
44 is obtained by applying a predetermined expanding function with regard to the printer gamut 42. In the third em- 

35 bodiment, however, the expansion is not performed in the direction of the saturation value but the expansion and 
compression are performed in only the direction of the lightness value L*. 

[0040] Fig. 30 shows a result of the virtual gamut 44 obtained by the second embodiment of Fig. 29. All of the color 
data of the display gamut 40 is included in the lightness range of the virtual gamut 44 in the lightness value L* direction. 
Therefore, in a manner similar to the cases of Figs. 20 and 21 in the first embodiment, after the color data of the display 

40 gamut 40 out of the virtual gamut 44 was changed to the virtual gamut 44 by, for example, reducing the saturation 
values a*b*, it can be changed to the color data included in the printer gamut 42 in Fig. 29 by applying the inverse 
function of the gamut expanding function used when the virtual gamut 44 is obtained. The third embodiment of Figs. 
29 and 30 is effective when the display gamut 40 is much larger than the printer gamut 42. As compared with the first 
embodiment, the reduction of the saturation of the color data of the printer gamut 42 after the conversion can be 

45 prevented. 

[0041] Fig. 31 is a cross sectional view of an equal hue angle of the L*a*b* color space to explain the fourth embod- 
iment of a color data converting method of the invention and a portion of the lowest lightness value is extracted from 
the intermediate lightness value. In the fourth embodiment, in the virtual gamut obtaining step, with respect to a gamut 
of an intermediate lightness line 56 which gives a predetermined intermediate lightness value Lm or less, the virtual 
so gamut 44 shown in Fig. 32 is obtained by increasing an expansion amount in an exponential function manner as the 
lightness value decreases as.shown by sizes of arrows 58, 60, 62, and 64. Relational equations to obtain the virtual 
gamut 44 from the printer gamut 42 in this case are obtained as follows when it is assumed that the (L*a*b*) values of 
the printer gamut 42 are set to (L2 a2 b2) and the (L*a*b*) values of the virtual gamut 44 obtained are set to (L3 a3 b3). 

55 

a 3 = a 2 
b 3 = b 2 
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where, 

L,: color data lightness value at a location where an expansion is performed In the printer gamut 
L out : color data lightness value after the expansion in the virtual gamut was performed 

L m : almost intermediate lightness value between the highest lightness value and the lowest lightness value of 

the printer gamut 
L smin : tne lowest lightness value of the display gamut 
L Dniin : tne lowest lightness value of the printer gamut 
L Smax : the highest lightness value of the display gamut 
L Dmax : the highest lightness value of the printer gamut 
r arbitrary constant of 1 or more 

[0042] Fig. 33 shows a relation between the lightness value L2 of the display gamut 40 before the conversion and 
the lightness value L3 of the printer gamut 42 after the conversion with respect to the equations (2) to obtain the virtual 
gamut 44 in the fourth embodiment of the invention in case of setting as follows as conditions of the general CRT 
display and color printer in comparison with the conventional method. 

L-Smin = 0.0 
l-Dmin = 30.0 
L S max= 100.0 
L D max = 90.0 
y = 1.90 

[0043] In Fig. 33, a characteristics curve 66 shows a relation between the lightness values before and after the 
conversion in the color data converting method of the invention which is given by the equations (2). A characteristics 
curve 68 shows a relation between the lightness values in the conventional method by the equations (1) shown in Fig. 
14. 

[0044] As will be obviously understood from the relations of the lightness values, according to the color data con- 
verting method of the invention in the characteristics curve 66 as compared with the conventional method which is 
given by the characteristics curve 68, an increase in lightness of the color data after the conversion at the low lightness 
is suppressed and a situation such that the whole color image after the conversion becomes bright can be prevented. 
The color data can be properly saved without deteriorating the gradation in the lightness direction. 
[0045] Fig. 34 is a cross sectional view of an equal hue angle of the L*a*b* color space for explaining the fifth em- 
bodiment of a color data converting method of the invention. A gamut above the intermediate lightness value is ex- 
tracted. A space where the gamut has an inverse "U'-character shape is an L*a*b* color space where a hue angle 
indicates yellow as shown in Fig. 8. The fifth embodiment is characterized in that, in the virtual gamut obtaining step 
of obtaining the virtual gamut 44 from the printer gamut 42, an expansion amount of the lightness value is increased 
in an exponential function manner with respect to the high lightness portion as the lightness value is higher as shown 
by sizes of arrows 74, 76, 78, and 80 on the basis of a lightness line 70 which gives the almost intermediate lightness 
value Lm between the lowest and highest lightness values. Thus, the virtual gamut 44 as shown in Fig. 35 is obtained. 
In this case, the highest lightness value of the virtual gamut 44 is made coincident with the highest lightness value of 
the display gamut 40. In the fifth embodiment of Figs. 34 and 35, relational equations to obtain the virtual gamut 44 
are obtained as follows. 
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( L Smax * L m) (i ° maX : 2> ) 



-Dmax ' 

»-3 = L cut (3) 



where, 



10 



15 



Lg: color data lightness value at a location where an expansion is performed in the printer gamut 

L^: color data lightness value after the expansion in the virtual gamut was performed 

L m : almost intermediate lightness value between the highest lightness value and the lowest lightness value of 

the printer gamut 

L smfn : tne lowest lightness value of the display gamut 

L Dmin : the lowest lightness value of the printer gamut 

L Smax : the highest lightness value of the display gamut 

L Dmax : tne highest lightness value of the printer gamut 

y: arbitrary constant of 1 or more 



[0046] Fig. 36 shows a relation of the lightness values in the case where the color data of the display gamut 40 is 
converted into the color data of the printer gamut 42 via the virtual gamut 44 obtained in Figs. 34 and 35. That is, as 
conditions of the general CRT display and color printer, 



L-Smin = 0.0 
Lomin = 30.0 

Lsmax= 100-0 
L Dmax = 900 
Y= 1.50 



are substituted into the equations (3), the lightness value L3 of the printer gamut after the conversion to the lightness 
value L2ofthe display gamut before the conversion is obtained, a relation between them is plotted, and a characteristics 
curve 82 is obtained in the invention. In Fig. 36, a characteristics curve 84 showing the lightness relation of the con- 
ventional method of Fig. 14 is also shown. Reference numeral 70 denotes the reference straight line in the case where 
the lightness value does not change. As will be obviously understood from the characteristics curve 82 of the lightness 
relation in Fig. 36, in the case where the color data of the display gamut 40 is converted into the color data of the printer 
gamut 42 via the virtual gamut 44 shown in Figs. 34 and 35, a decrease in lightness of the color data in a state of high 
lightness is suppressed and a situation such that the whole color image after the conversion becomes dark can be 
prevented. The color data can be properly saved without deteriorating the gradation in the lightness direction. 
[0047] Fig. 37 is a cross sectional view of an equal hue angle of the L*a*b* color space for explaining the sixth 
embodiment of a color data converting method of the invention. As shown in Fig. 7, the printer gamut 42 which is 
formed in an area of hue angles of blue, violet, and purple is shown as an example. The printer gamut forms a gamut 
which has an "L"-character shape and in which the bottom side portion is upwardly curved. With respect to such a 
printer gamut 42 which is peculiarto the gamuts of blue, violet, and purple as mentioned above, in the sixth embodiment, 
the virtual gamut 44 in Fig. 38 is obtained by expanding and compressing as shown by arrows 86 so as to reduce the 
absolute amount of expansion of the printer gamut 42 as the saturation values a*b* are larger in the virtual gamut 
obtaining step. Thus, the printer gamut 42 which has an "^-character shape and in which the bottom side portion is 
inwardly curved in Fig. 37 is expanded so that, in the virtual gamut 44 in Fig. 38, the bottom side portion has almost 
the same "<"-character shape as that of the display gamut 40. Subsequently, as shown in Fig. 39, in the color data 
changing step, in a manner similar to the case of the first embodiment, for example, the saturation values a*b* of, for 
instance, the color data 01 to 06 included in the display gamut 40 are reduced as shown by arrows, thereby obtaining 
the color data P1 to P6 included in the virtual gamut 44. As shown in Fig. 40, subsequently, for the color data P1 to P6 
included in the virtual gamut 44 in the color data forming step, by using an inverse function of the function used to 
expand from the printer gamut 42 to the virtual gamut 44 in the virtual gamut obtaining step in Figs. 37 and 38, the 
color data Q1 to Q6 included in the printer gamut 42 are obtained with respect to the color data P1 to P6 changed to 
the virtual gamut 44 as shown by arrows 88. According to the sixth embodiment as mentioned above, even in the case 
where the printer gamut has an M L B -character shape, since the obtained virtual gamut 44 has a °< D -character shape 
corresponding to the display gamut 40, for example, as shown in Fig. 39, the color data 01 to 06 arranged at regular 
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intervals at the boundary on the outside of the display gamut can be changed to the color data P1 to P6 of the virtual 
gamut 44 without causing discontinuity of the gradation and deterioration of the gradation. The color data P1 to P6 
changed to the virtual gamut 44 are converted to the printer gamut 42 by an inverse function of the function used to 
obtain the virtual gamut in the color data forming step as shown in Fig. 40. Thus, a portion which is not used at the 
time of conversion of the color data does not exist in the printer gamut 42 and the problem such that discontinuity of 
the gradation and the deterioration of the gradation occur is eliminated. 

[0048] Fig. 41 is a cross sectional view of an equal hue angle of the L*a*b* color space for explaining the seventh 
embodiment of a color data converting method according to the invention. In a manner similar to the sixth embodiment, 
there is shown an example of the conversion of the color data for an area, as a target, of the hue angles of blue, violet, 
and purple where the printer gamut 42 has an "U'-character shape and in which the bottom side portion is upwardly 
curved. In the seventh embodiment, in the virtual gamut obtaining step, as shown by arrows 90 in Fig. 41, when the 
virtual gamut 44 is obtained by expanding the printer gamut 42, a gamut expanding function to reduce the absolute 
amount of expansion in proportion as the saturation values a*b* are larger is used. The gamut expanding function is 
given by the following equations when it is assumed that the (L*a*b*) values of the printer gamut 42 before expansion 
are set to (L-, b-,) and the (L*a*b*) values of the virtual gamut 44 after the expansion are set to (L 3 a 3 b 3 ). 

a 3 = a 2 
b 3 = b 2 



C 2 = J(a 2 ) 2 + (b 2 ) 2 

La = (L m - Lsm l n)( L 2 ". L L Pmin f + L Smin (L 2 £ LJ 

v m Dmin- / 

L a = L Sma , " O-s-nax " L j(^^f ^2 > LJ 

Fin = L a -L 2 
C - C 2 

F out = F in ' ( C 2 < C max) 

max 

F out = 0 (C 2 >C max ) 

L 3 = Fout + L 2 (*) 



where, 

L smin : tne lo west lightness value of the display gamut (0.0 in the embodiment) 
L Dmin : the lowest lightness value of the printer gamut (30.0 in the embodiment) 
L Smax : the highest lightness value of the display gamut (100.0 in the embodiment) 
L Dmax : the highest lightness value of the printer gamut (90.0 in the embodiment) 

L m : almost intermediate lightness value between the highest and lowest lightness values of the printer gamut 

(60.0 in the embodiment) 
y 1 : arbitrary constant of 1 or more (1 .90 in the embodiment) 

y 2 : arbitrary constant of 1 or more (1 .50 in the embodiment) 

C max : saturation value at a location where an expansion amount and a compression amount in the lightness direc- 
tion are equal to O (50 in the embodiment) 

[0049] Thus, the virtual gamut 44 having a shape like "<" or the like almost similar to the display gamut 40 shown in 
Fig. 42 in which the "U'-character shaped bottom side portion of the printer gamut 42 is inwardly curved can be obtained. 
Subsequently, as shown in Fig. 43, in the color data changing step, for example, with respect to the color data 01 to 
06 included in the display gamut 40, by decreasing the saturation values, the color data P1 to P6 included in the virtual 
gamut 44 are obtained. As shown in Fig. 44, in the color data forming step, an arithmetic operation of an inverse 
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conversion shown by arrows 92 is performed to the color data P1 to P6 included in the virtual gamut 44 by an inverse 
function of the gamut expanding function of the equations (4), thereby obtaining the color data Q1 to Q6 included in 
the printer gamut 42. It is difficult to obtain the inverse function of the gamut expanding function which is given by the 
equations (4). Therefore, expansion values are obtained by substituting all of the (L*a*b*) values which can be obtained 
as argument in the printer gamut 42 into the gamut expanding function of the equations (4). The (L*a*b*) values of the 
printer gamut 44 as arguments substituted when the expansion values closest to the (L*a*b*) values of the virtual 
gamut 44 among them are obtained are set to the color data of the printer gamut that is derived by the inverse function . 
As mentioned above, according to the seventh embodiment for converting the color data of the display gamut 40 into 
the printer gamut 42 via the virtual gamut 44 obtained from the printer gamut 42 by using the gamut expanding function 
of the equations (4), in a manner similar to the sixth embodiment, the color data 01 to 06 arranged at regular intervals 
in the boundary portion of the display gamut in Fig. 47 can be converted into the color data Q1 to Q6 of the printer 
gamut 42 via the color data P1 to P6 of the virtual gamut 44 without causing a deterioration of the gradation. The portion 
which has an n L"-character shape and in which the bottom side is inwardly curved in the printer gamut 42 is also 
expanded to the portion of the virtual gamut 44 as a part of a M <"-character shape curved in the lightness direction by 
the gamut expanding function of the equations (4). Therefore, when converting from the virtual gamut 44 to the printer 
gamut 42 by the inverse function, a color which is not used to print does not exist in the printer gamut 42 and the 
discontinuity of the gradation and the deterioration of the gradation do not occur. Further, the color data of the printer 
gamut 42 can be derived via the virtual gamut 44 while saving the distance relation of the color data of the display 
gamut 40. 

[0050] Fig. 45 is a cross sectional view of an equal hue angle of the L*a*b* color space for explaining the eighth 
embodiment of a color data converting method of the invention. In a manner similar to the sixth and seventh embodi- 
ments, Fig. 45 relates to the conversion of color data for the printer gamut 42 at hue angles of blue, violet, and purple 
in which the gamut has an "L" -character shape and in which the bottom side portion is inwardly curved as a target. 
According to the color data converting method of the eighth embodiment, first in the virtual gamut obtaining step, as 
shown by arrows 94 in Fig. 45, the printer gamut 42 is expanded so as to reduce the absolute amount of expansion in 
an exponential function manner as the saturation values a*b* are larger. As such a gamut expanding function, the 
following relational equations are given. 



15 



EP 1 006 483 B1 



a 3 =a 2 
b 3 «b 2 

L, - (L B - L Saia )[ ~ + L SiaiB . — ...(Lj « L n ) 

L. = L Smx - (L Saax - L m ' ^ > L » } 

Fo* -F to |l-(-^M L {C 2 <0 



<C 2 iC M ) 

1^ » F^ + L 2 



(5) 



where, 



L Smin : the lowest lightness value of the display gamut (0.0 in the embodiment) 

L Dmin : tne lowest lightness value of the printer gamut (30.0 in the embodiment) 

L Smax : the highest lightness value of the display gamut (100.0 in the embodiment) 

L Dmax : the highest lightness value of the printer gamut (90.0 in the embodiment) 

L m : almost intermediate lightness value between the highest and lowest lightness values of the printer gamut 



(60.0 in the embodiment) 
y 1 : arbitrary constant of 1 or more (1 .90 in the embodiment) 

y 2 : arbitrary constant of 1 or more (1 .50 in the embodiment) 

y 3 : arbitrary constant of 1 or more (3.0 in the embodiment) 

C max : saturation value at a location where an expansion amount and a compression amount in the lightness direc- 
tion are equal to 0 (50 in the embodiment) 

[0051] By the gamut expanding function which is given by the equations (5), as shown in Fig. 46, the virtual gamut 
44 having a "<"-character shape similar to the display gamut 40 in which the "^-character shaped bottom side portion 
of the printer gamut 42 is downwardly curved and expanded can be obtained. Subsequently, in the color data changing 
step, as shown in Fig. 47, the color data P1 to P6 included in the virtual gamut 44 are obtained by reducing the saturation 
values a*b* with respect to the color data 01 to 06 arranged at regular intervals in, for example, the boundary portion 
of the display gamut 40. In this case, the color data 04 to 06 of the display gamut 40 are changed to the color data 
P4 to P6 on the boundary curved to the outside of the virtual gamut 44. As compared with the color data P4 to P6 by 
the change of the color data 04 to 06 of the display gamut 40 for the virtual gamut 44 curved to the inside in Fig. 43, 
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the saturation is further saved, so that a saving degree of the saturation of the whole color data of the virtual gamut 
44 after the change is preferable. Subsequently, in the color data forming step, the (L*a*b*) values of the printer gamut 
42 are calculated as shown by arrows 96 for the (L*a*b*) values of the color data P1 to P6 of the virtual gamut 44 as 
shown in Rg. 48 by an inverse function of the gamut expanding function of the equations (5) used in the virtual gamut 

5 obtaining step, thereby obtaining the color data Q1 to Q6. Even in this case, since it is difficult to obtain the inverse 
function of the gamut expanding function of the equations (5), all of the (L*a*b*) values of the printer gamut 42 which 
can be obtained as arguments in the gamut expanding function are substituted into the equations (5). The (L*a*b*) 
values of the printer gamut 42 which were substituted as arguments when the values which are closest to the color 
data P1 to P6 of the virtual gamut 44 in the calculated result are outputted are obtained as color data of the printer 

10 gamut 42 which was inversely converted. 

[0052] Fig. 49 is a cross sectional view for explaining the ninth embodiment of a color data converting method of the 
invention when the L*a*b* color space is cut out at a certain lightness value. The display color space 40 has a gamut 
shape combining the color data 01 to 06 of every predetermined hue angle that is decided by the phase angle around 
a lightness axis. On the other hand, the printer gamut 44 is a narrow area in which inside saturation values are small. 

15 [0053] The first to eighth embodiments of the invention have been described with respect to the example in the case 
where the lightness value and saturation value of the color data of the display gamut 40 are changed and the color 
data is converted into the color data of the printer gamut 42. The ninth embodiment of Fig. 49, however, is characterized 
in that the hue angle value is also changed. That is, in the ninth embodiment of Fig. 49, in the color data changing 
step, color data Q11 to Q1 6 is obtained by first changing the hue angles with respect to the color data 01 to 06 of the 

20 display gamut. The color data P1 to P6 of the virtual gamut 44 is obtained by reducing the saturation values with regard 
to the color data Q11 to Q1 6 whose hue angles were changed. Finally, in the color data forming step, the color data 
Q1 to Q6 of the printer gamut 42 is obtained by applying an inverse function of the function used when obtaining the 
virtual gamut 44 from the printer gamut 42 to the color data P1 to P6 of the virtual gamut 44. As a virtual gamut 44 in 
the ninth embodiment of Fig. 49, all of the gamuts in the first to eighth embodiments which have already been described 

25 can be applied. 

[0054] According to the invention as described above, when the color data included in the display gamut correspond- 
ing to the image displaying apparatus is converted into the color data included in the printer gamut corresponding to 
the image printing apparatus, by converting the color data via the virtual gamut obtained by expanding the printer 
gamut, all of the color data in the display gamut can be converted into the color data of the printer gamut. Even if the 
30 gamuts differ every equipment, the whole color images reproduced by the respective equipment can be made visually 
identical. 

[0055] The color data corresponding to white and black of the display gamut is made to coincide with the color data 
corresponding to white and black of the printer gamut via the virtual gamut, so that the problem such that when the 
white color in the color image of the image displaying apparatus is printed by the image printing apparatus, ink, toner, 
35 or the like is adhered onto the paper and the paper is not seen in white due to the dtssidence of the black and white 
color data can be certainly prevented. At the same time, the color image can be reproduced on the print image of the 
image printing apparatus at a high fidelity without deteriorating any part of the gradation of the achromatic color of the 
color image in the image displaying apparatus. 

[0056] By converting the color data of the display gamut into the printer gamut via the virtual gamut expanded only 
40 in the lightness direction without expanding in the saturation direction, the reduction in saturation of the color data can 
be prevented. 

[0057] When the color data of the display gamut is converted into the color data of the printer gamut through the 
virtual gamut, a situation such that the whole color image which is printed becomes too bright or too dark as compared 
with the color image which is displayed is prevented. At the same time, the print image in which the gradation is saved 

45 can be properly reproduced without deteriorating the gradation in the lightness direction. 

[0058] Further, when directly converting from the color data of the display gamut to the color data of the printer gamut, 
the color data which is not used to print exists in the printer gamut. In the invention, however, by converting the color 
data of the display gamut to the printer gamut via the virtual gamut, the color data of the printer gamut which is not 
used to print does not exist. The problem such that the discontinuity of the gradation and the deterioration of the 

so gradation occur can be also eliminated. 

[0059] Moreover, by properly setting the shape of the virtual gamut which is derived from the printer gamut, the color 
data of the printer gamut can be obtained via the virtual gamut while keeping the distance relation of the color data of 
the display gamut. Because of similar reasons, the saturation of the color data of the printer gamut can be further saved 
and the color data of the printer gamut via the virtual gamut can be property obtained. 

55 [0060] The above embodiments have been described with respect to the example of the conversion of the color data 
between the gamuts of every different equipment in the L*a*b* color space when the color data of the RGB colorimetric 
system or CMY colorimetric system which depends on the equipment is converted via the color space of the L*a*b* 
colorimetric system which does not depend on the equipment. However, the invention can be directly applied to the 
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conversion of color data in a different gamut in a color space other than L*a*b*. 

[0061] The invention is not limited to the above embodiments but incorporates modifications within the scope of the 
invention. The invention is not limited by the numerical values shown in the above embodiments. 



Claims 

1. A color data converting method of forming second color data included in a second gamut of second color image 
equipment from first color data included in a first gamut of first color image equipment, comprising: 

a virtual gamut obtaining step of converting values of one or more of a lightness value, a saturation value, and 
a hue angle value of said second gamut and obtaining an expanded virtual gamut including at least all of 
lightness values of said first gamut; 

a color data changing step of changing values of one or more of the lightness value, saturation value, and hue 
angle value for color data which is not included in said virtual gamut in the first color data of said first gamut 
and obtaining third color data included in said virtual gamut; and 

a color data forming step of performing a conversion opposite to the conversion performed to said second 
gamut in said virtual gamut obtaining step to said third color data and forming the second color data. 

2. A method according to claim 1 , wherein in said virtual gamut obtaining step, the second gamut is converted and 
said virtual gamut is obtained in a manner such that a lowest lightness value of said first gamut and a lowest 
lightness value of said second gamut are equal and a highest lightness value of said first gamut and a highest 
lightness value of said second gamut are equal. 

3. A method according to claim 1 , wherein in said virtual gamut obtaining step, said second gamut is expanded in 
only a lightness value direction and said virtual gamut is obtained. 

4. A method according to claim 1, wherein in said virtual gamut obtaining step, said virtual gamut is obtained by 
performing an expansion so as to increase an expansion amount in an exponential function manner as the lightness 
decreases with respect to the second gamut whose lightness value is equal to or less than a predetermined almost 
intermediate lightness value between the highest lightness value and the lowest lightness value of said second 
gamut. 

5. A method according to claim 1, wherein in said virtual gamut obtaining step, said virtual gamut is obtained by 
performing an expansion so as to increase an expansion amount in an exponential function manner as the lightness 
increases with respect to the second gamut whose lightness value is equal to or larger than a predetermined almost 
intermediate lightness value between the highest lightness value and the lowest lightness value of said second 
gamut. 

6. A method according to claim 1 , wherein said virtual gamut obtaining step has said gamut expansion restricting 
step of decreasing an absolute value of the expansion of the lightness value as the saturation value of the color 
data at a location where the expansion is performed in said second gamut is larger. 

7. A method according to claim 6, wherein in said gamut expansion restricting step, the absolute value of the expan- 
sion of the lightness value is decreased in accordance with a function that is proportional to the saturation value. 

8. A method according to claim 6, wherein in said gamut expansion restricting step, the absolute value of the expan- 
sion of the lightness value is decreased in an exponential function manner as the saturation value increases. 

9. A method according to claim 1 , wherein 

said first gamut is a display gamut corresponding to an RGB color space which is used in a color displaying 
apparatus in an L*a*b* color space, 

said second gamut is a printer gamut corresponding to a CMY color space which is used in a color printing 
apparatus in the L*a*b* color space, and 

said virtual gamut is a gamut expanded so as to include at least all of the lightness values of said display 
gamut by converting one or more of the lightness value, saturation value, and hue angle value of said printer 
gamut. 
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10. A method according to claim 9, wherein in said virtual gamut obtaining step, each of 

an RGB/display gamut conversion table to convert color data of said RGB color space into color data of said 
display gamut in said L*a*b* color space, 
5 a printer gamut/CMY conversion table for converting color data of said printer gamut in said L*a*b* color space 

into color data of said CMY color space, and 

a virtual gamut/CMY conversion table for converting one or more of the lightness value, saturation value, and 
hue angle value of said printer gamut, obtaining the expanded virtual gamut including at least all of the lightness 
values of said display gamut, converting color data of said virtual gamut into the color data of said CMY color 
10 space, and converting color data out of said virtual gamut into specific out-of-area identification values 

is formed, 

in said color data changing step, after the color data of the RGB color space was converted into the color data 
of the display gamut in said L*a*b* color space by said RGB/display gamut conversion table, for the color data 
which is not included in said virtual gamut in the color data of said display gamut, one or more of the lightness 
*5 value, saturation value, hue angle value are changed until they are not converted into the out-of-area identi- 

fication values by said virtual gamut/CMY conversion table, thereby obtaining third color data included in said 
virtual gamut, and 

in said color data forming step, the second color data is formed by executing a conversion opposite to the 
conversion performed to the printer gamut in said virtual gamut obtaining step to said third color data, and 
20 said second color data is converted into the color data of the CMY color space by said printer gamut/CMY 

conversion table and is outputted to the color printing apparatus. 
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Patentansp ruche 

1 . Farbdatenkonvertierungsverfahren zum Bilden von zweiten Farbdaten, die in einer zweiten Farbpalette von zwei- 
ten Farbbildeinrichtungen enthaften sind, aus ersten Farbdaten, die in einer ersten Farbpalette von ersten Farb- 
bildeinrichtungen enthalten sind, mit: 

30 einem Schritt zum Erhalten einer virtuellen Farbpalette zum Konvertieren von Werten von einem oder meh- 

reren von einem Helligkeitswert, einem Sattigungswert und einem Farbtonwinkelwert der zweiten Farbpalette 
und zum Erhalten einer erweiterten virtuellen Farbpalette, die wenigstens alle Helligkeitswerte der ersten Farb- 
palette enthalt; 

einem Farbdaten ve ran derungsschritt zum Verandern von werten von einem oder mehreren von dem Hellig- 
35 keitswert, dem Sattigungswert und dem Farbtonwinkelwert fur Farbdaten, die in der virtuellen Farbpalette 

nicht enthalten sind, in den ersten Farbdaten der ersten Farbpalette und zum Erhalten von dritten Farbdaten, 
die in der virtuellen Farbpalette enthalten sind; und 

einem Farbdaten bildungsschritt zum Vomehmen einer Konvertierung, die zu der Konvertierung entgegenge- 
setzt ist, die an der zweiten Farbpalette bei dem Schritt zum Erhalten der virtuellen Farbpalette vorgenommen 
40 wurde, an den dritten Farbdaten und zum Bilden der zweiten Farbdaten. 

2. Verfahren nach Anspruch 1 , wobei bei dem Schritt zum Erhalten der virtuellen Farbpalette die zweite Farbpalette 
konvertiert wird und die virtuelle Farbpalette auf solch eine weise erhalten wird, daB ein niedrigster Helligkeitswert 
der ersten Farbpalette und ein niedrigster Helligkeitswert der zweiten Farbpalette gleich sind und ein hochster 

45 Helligkeitswert der ersten Farbpalette und ein hochster Helligkeitswert der zweiten Farbpalette gleich sind. 

3. Verfahren nach Anspruch 1 , wobei bei dem Schritt zum Ertialten der virtuellen Farbpalette die zweite Farbpalette 
nur in einer Richtung des Helligkeftswertes erweitert wird und die virtuelle Farbpalette erhalten wird. 

50 4. Verfahren nach Anspruch 1 , wobei bei dem Schritt zum Erhalten der virtuellen Farbpalette die virtuelle Farbpalette 
erhalten wird, indem eine Erweiterung vorgenommen wird, um einen Erweiterungsbetrag in einer Weise einer 
Exponentiaffunktion zu vergroBern, wenn sich die Helligkeit bezuglich der zweiten Farbpalette verringert, deren 
Helligkeitswert gleich oder kleiner als ein vorbestimmter, nahezu mittlerer Helligkeitswert zwischen dem hochsten 
Helligkeitswert und dem niedrigsten Helligkeitswert der zweiten Farbpalette ist. 
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Verfahren nach Anspruch 1 , wobei bei dem Schritt zum Erhalten der virtuellen Farbpalette die virtuelle Farbpalette 
erhalten wird, indem eine Erweiterung vorgenommen wird, um einen Erweiterungsbetrag in einer Weise einer 
Exponentiaffunktion zu vergroBern, wenn sich die Helligkeit bezuglich der zweiten Farbpalette vergroBert, deren 
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Helligkeitswert gleich Oder groBer als ein vorbestimmter, nahezu mittlerer Helligkeitswert zwischen dem hochsten 
Helligkeitswert und dem niedrigsten Helligkeitswert der zweiten Farbpalette ist. 

6. Verfahren nach Anspruch 1 , wobei der Schritt zum Erhalten der virtuellen Farbpalette den Farbpalettenerweite- 
rungsbegrenzungsschritt hat, zum Verringern eines Absolutwertes der Erweiterung des Helligkeitswertes, wenn 
der Sattigungswert der Farbdaten an einer Stelle, wo die Erweiterung in der zweiten Farbpalette vorgenommen 
wird, groBer ist. 

7. Verfahren nach Anspruch 6, wobei bei dem Farbpalettenerweiterungsbegrenzungsschritt der Absolutwert der Er- 
weiterung des Helligkeitswertes gemaB einer Funktion verringert wird, die zu dem Sattigungswert proportional ist. 

8. Verfahren nach Anspruch 6, wobei bei dem Farbpalettenerweiterungsbegrenzungsschritt der Absolutwert der Er- 
weiterung des Helligkeitswertes in einer Weise einer Exponentialfunktion verringert wird, wenn sich der Sattigungs- 
wert vergroBert. 

9. Verfahren nach Anspruch 1 , bei dem 

die erste Farbpalette eine Anzeigefarbpalette ist, die einem RGB-Farbraum entspricht und in einer Farban- 
zeigevorrichtung in einem L*a*b-Farbraum verwendet wird, 

die zweite Farbpalette eine Druckerfarbpalette ist, die einem CMY-Farbraum entspricht und in einer Farb- 
druckvorrichtung in dem L*a*b-Farbraum verwendet wird, und 

die virtuelle Farbpalette eine Farbpalette ist, die erweitert ist, urn wenigstens alle Helligkeitswerte der An- 
zeigefarbpalette zu enthalten, indem einer oder mehrere von dem Helligkeitswert, dem Sattigungswert und dem 
Farbtonwinkelwert der Druckerfarbpalette konvertiert werden. 

10. Verfahren nach Anspruch 9, wobei bei dem Schritt zum Erhalten der virtuellen Farbpalette jede von 

einer RGB/Anzeigefarbpalette-Konvertierungstabelle zum Konvertieren von Farbdaten des RGB-Farbrau- 
mes in Farbdaten der Anzeigefarbpalette in dem L*a*b-Farbraum, 

einer Druckerfazbpalette/CMY-xonvertierungstabelle zum Konvertieren von Farbdaten der Druckerfarbpa- 
lette in dem L*a*b-Farbraum in Farbdaten des CMY-Farbraumes und 

einer Virtuelle-Farbpalette/CMY-Konvertierungstabelle zum Konvertieren eines Oder mehrerer von dem Hel- 
ligkeitswert, dem Sattigungswert und dem Farbtonwinkelwert der Druckerfarbpalette, zum Erhalten der erweiterten 
virtuellen Farbpalette, die wenigstens alle Helligkeitswerte der Anzeigefarbpalette enthalt, zum Konvertieren von 
Farbdaten der virtuellen Farbpalette in die Farbdaten des CMY-Farbraumes und zum Konvertieren von Farbdaten 
aus der virtuellen Farbpalette in spezifische Identifikationswerte auBerhalb des Bereiches 

gebildet wird, 

bei dem Farbdatenveranderungsschritt, nachdem die Farbdaten des RGB-Farbraumes in die Farbdaten der 
Anzeigefarbpalette in dem L*a*b-Farbraum durch die RGB/Anzeigefarbpalette-Konvertierungstabelle konvertiert 
wurden, fur die Farbdaten, die nicht in der virtuellen Farbpalette in den Farbdaten der Anzeigefarbpalette enthalten 
sind, einer oder mehrere von dem Helligkeitswert, dem Sattigungswert, dem Farbtonwinkelwert verandert werden, 
bis sie durch die virtuelle-Farbpalette/CMY-Konvertierungstabelle nicht in die Identifikationswerte auBerhalb des 
Bereiches konvertiert werden, wodurch dritte Farbdaten erhalten werden, die in der virtuellen Farbpalette enthalten 
sind, und 

bei dem Farbdatenbildungsschritt die zweiten Farbdaten durch Ausfuhren einer Konvertierung, die zu der 
konvertierung entgegengesetzt ist, die an der Druckerfarbpalette bei dem Schritt zum Erhalten der virtuellen Farb- 
palette vorgenommen wurde, an den dritten Farbdaten gebildet werden und die zweiten Farbdaten durch die Druk- 
kerfarbpalette/CMY-Konvertierungstabelle in die Farbdaten des CMY-Farbraumes konvertiert werden und an die 
Farbdruckvorrichtung ausgegeben werden. 



Revendicatlons 

1 . Un procede de conversion de donnees de couleurs consistant a former des secondes donnees de couleurs incluses 
dans une seconde gamme d'un second equipement de production d'images en couleurs, a partir de premieres 
donnees de couleurs incluses dans une premiere gamme d'un premier equipement de production d'images en 
couleurs, comprenant : 

une etape d'obtention de gamme virtuelle consistant a convertir des valeurs d'une ou plusieurs d'une valeur 
de clarte, d'une valeur de saturation et d'une valeur d'angle de teinte de la seconde gamme, et a obtenir une 
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gamme virtuelle etendue incluant au moins toutes les valeurs de clarte de la premiere gamme; 

une etape de changement de donnees de couleurs consistant a changer des valeurs d'une ou plusieurs de 

la valeur de clarte, de la valeur de saturation et de la valeur d'angle de teinte, pour des donnees de couleurs 

qui ne sont pas incluses dans la gamme virtuelle dans les premieres donnees de couleurs de la premiere 

gamme, et a obtenir des troisiemes donnees de couleurs incluses dans la gamme virtuelle; et 

une etape de formation de donnees de couleurs consistant a effectuer sur les troisiemes donnees de couleurs 

une conversion opposee a ia conversion effectuee sur la seconde gamme dans I'etape d'obtention de gamme 

virtuelle, et a former les secondes donnees de couleurs. 

2. Un procede selon la revendication 1 , dans lequel dans I'etape d'obtention de gamme virtuelle, on convertit la 
seconde gamme et on obtient la gamme virtuelle d'une maniere telle qu'une valeur de clarte la plus basse de la 
premiere gamme et une valeur de clarte la plus basse de la seconde gamme soient egales, et qu'une valeur de 
clarte la plus elevee de la premiere gamme et une valeur de clarte la plus elevee de la seconde gamme soient 
egales. 

3. Un procede selon la revendication 1 , dans lequel dans I'etape d'obtention de gamme virtuelle, on etend la seconde 
gamme seulement dans une direction de valeur de clarte, et on obtient la gamme virtuelle. 

4. Un procede selon la revendication 1 , dans lequel dans I'etape d'obtention de gamme virtuelle, on obtient la gamme 
virtuelle en effectuant une extension afin d'augmenter une valeur d'extension d'une maniere exponentielle lorsque 
la clarte diminue par rapport a la seconde gamme dont la valeur de clarte est egale ou inferieure a une valeur de 
clarte predeterminee presque intermediaire entre la valeur de clarte la plus elevee et la valeur de clarte la plus 
basse de la seconde gamme. 

5. Un procede selon la revendication 1 , dans lequel dans I'etape d'obtention de gamme virtuelle, on obtient la gamme 
virtuelle en effectuant une extension afin d'augmenter une valeur d'extension d'une maniere exponentielle lorsque 
la clarte augmente par rapport a la seconde gamme dont la vateur de clarte est egale ou superieure a une valeur 
de clarte predeterminee presque intermediaire entre la valeur de clarte la plus elevee et la valeur de clarte la plus 
basse de la seconde gamme. 

6. Un procede selon la revendication 1 , dans lequel I'etape d'obtention de gamme virtuelle comporte I'etape de res- 
triction d'extension de gamme consistant a diminuer une valeur absolue de Pextension de la valeur de clarte lorsque 
la valeur de saturation des donnees de couleurs a un emplacement auquel I'extension est effectuee dans la se- 
conde gamme, est plus grande. 

7. Un procede selon la revendication 6, dans lequel dans I'etape de restriction d'extension de gamme. on diminue 
la valeur absolue de Pextension de la valeur de clarte conformement a une fonction qui est proportionnelle a la 
valeur de saturation. 

8. Un procede selon la revendication 6, dans lequel dans I'etape de restriction d'extension de gamme : on diminue 
la valeur absolue de i'extension de la valeur de clarte d'une maniere exponentielle lorsque la valeur de saturation 
augmente. 

9. Un procede selon ia revendication 1 , dans lequel 

la premiere gamme est une gamme de visualisation correspondant a un espace de couleurs RVB qui est 
utilise dans un appareil de visualisation en couleurs dans un espace de couleurs L*a*b*, 

la seconde gamme est une gamme d'imprimante correspondant a un espace de couleurs CM J qui est utilise 
dans un appareil d'impression en couleurs dans I'espace de couleurs L*a*b*, et 

la gamme virtuelle est une gamme etendue de fagon a inclure au moins toutes les valeurs de clarte de la 
gamme de visualisation, en convertissant une ou plusieurs de la valeur de clarte, la valeur de saturation et la 
valeur d'angle de teinte de la gamme d'imprimante. 

10. Un procede selon la revendication 9, dans lequel dans I'etape d'obtention de gamme virtuelle, on forme chacune 

d'une table de conversion de RVB / gamme de visualisation, pour converter des donnees de couleurs de 
I'espace de couleurs RVB en donnees de couleurs de la gamme de visualisation dans I'espace de couleurs L*a*b*, 

d'une table de conversion de gamme d'imprimante / CMJ, pour convertir des donnees de couleurs de la 
gamme d'imprimante dans I'espace de couleurs L*a*b* en donnees de couleurs de I'espace de couleurs CMJ, et 

d'une table de conversion de gamme virtuelle / CMJ, pour convertir une ou plusieurs de la valeur de clarte, 
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la valeur de saturation et la valeur cTangle de teinte de la gamme d'imprimante, obtenir ia gamme virtuelle etendue 
incluant au moins toutes les valeurs de clarte de la gamme de visualisation, convertir les donnees de couleurs de 
ia gamme virtuelle en donnees de couleurs de I'espace de couleurs CMJ, et convertir des donnees de couleurs 
prises dans la gamme virtuelle en valeurs d' identification hors plage specifiques, 

dans I'etape de changement de donnees de couleurs, apres que les donnees de couleurs de Pespace de 
couleurs RVB ont ete converties en donnees de couleurs de la gamme de visualisation dans I'espace de couleurs 
L*a*b* par la table de conversion de RVB / gamme de visualisation, pour les donnees de couleurs qui ne sont pas 
incluses dans la gamme virtuelle des donnees de couleurs de la gamme de visualisation, on change une ou plu- 
sieurs de la valeur de clarte, la valeur de saturation, la valeur d'angle de teinte, jusqu'a ce qu'elles ne soient pas 
converties sous la forme des valeurs d'identification hors plage par la table de conversion de gamme virtuelle / 
CMJ, pour obtenir ainsi des troisiemes donnees de couleurs incluses dans la gamme virtuelle, et 

dans I'etape de formation de donnees de couleurs, on forme les secondes donnees de couleurs en executant 
sur les troisiemes donnees de couleurs une conversion opposee a la conversion effectuee sur la gamme d'impri- 
mante dans I'etape d'obtention de gamme virtuelle, et on convertit les secondes donnees de couleurs en donnees 
de couleurs de I'espace de couleurs CMJ, par la table de conversion de gamme d'imprimante / CMJ, et on les 
fournit en sortie a I'appareil d'impression en couleurs. 
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